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Abstract 
 
Introduction: 
Beta-amyloid plaques and tau neurofibrillary tangles disrupt brain function, leading to the progressive cognitive 
and functional decline characteristic of Alzheimer’s Disease (AD). Current treatments provide only 
symptomatic relief, failing to address the underlying pathology. Protein-based therapies, including monoclonal 
antibodies and recombinant protein vaccines, aim to target these pathological mechanisms by clearing beta-
amyloid deposits and modulating tau activity. This review evaluates the efficacy of these therapies in improving 
cognitive and functional outcomes while exploring their limitations and potential. 
 
Methods: 
This systematic review was conducted following PRISMA guidelines and the Cochrane Handbook for 
Systematic Reviews of Interventions (version 6.3). A comprehensive search of PubMed, Scopus, and Web of 
Science was performed. Inclusion criteria focused on studies evaluating protein-based therapies targeting 
amyloid-beta or tau in Alzheimer’s Disease. Data on cognitive and functional outcomes, safety, and biomarkers 
were extracted and synthesized to identify trends and gaps in the evidence. 
 
Results: 
Eight studies involving 724 participants met the inclusion criteria. Monoclonal antibodies, such as 
aducanumab, reduced amyloid-beta plaques within 24–48 weeks, but cognitive improvements were 
inconsistent. Recombinant vaccines, like Lu AF20513, induced strong immune responses in 65–80% of 
patients, especially with immunostimulant patches. Biomarkers such as alpha-2-macroglobulin showed promise 
in monitoring treatment efficacy. Adverse events, including mild infusion reactions, were more frequent with 
antibody therapies, highlighting the need for further optimization. 
 
Conclusion: 
Protein-based therapies show potential in Alzheimer’s Disease treatment by targeting amyloid-beta plaques and 
tau pathology. Monoclonal antibodies and recombinant vaccines offer promising results in reducing 
pathological hallmarks and improving immune responses. However, cognitive and functional benefits remain 
inconsistent, and adverse events are common. Further research is necessary to optimize these therapies, validate 
biomarkers, and ensure broader clinical applicability.  
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Introduction: 
 
 Amyloid-beta plaques and tau neurofibrillary tangles are central to the pathophysiology of Alzheimer’s 
Disease (AD), disrupting synaptic funct1 Theseleading to neuronal death, particularly in regions like the 
hippocampus and cortex.1  These molecular changes result in progressive cognitive decline and functional 
impairments, making AD the leading cause of dementia worldwide.2 Current treatments, such as 
acetylcholinesterase inhibitors and NMDA receptor antagonists, offer only symptomatic relief without 
addressing the underlying disease mechanisms.3 
Protein-based therapies have emerged as promising strategies to target these pathological features. Monoclonal 
antibodies, like aducanumab, aim to reduce amyloid-beta deposits by activating microglial clearance, while 
recombinant vaccines stimulate the immune system to produce antibodies against tau and amyloid-beta, 
potentially slowing the disease’s progression.4 However, these therapies face challenges, including inconsistent 
efficacy in improving cognitive and functional outcomes, particularly among older patients.5 
This review evaluates the current evidence on protein-based therapies for AD, focusing on their effects on 
cognitive and functional symptoms, limitations in clinical application, and potential to guide future therapeutic 
advancements.6 
 

Methods 
 

This systematic review was conducted in adherence to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines and followed recommendations from the Cochrane 
Handbook for Systematic Reviews of Interventions (version 6.3). The review aimed to evaluate the impact of 
protein-based therapies, including monoclonal antibodies and recombinant vaccines, on cognitive and 
functional outcomes in Alzheimer’s Disease (AD). 
Data were extracted from studies published in the included documents, focusing on therapeutic effects on 
amyloid-beta plaques, tau pathology, cognitive decline, and functional impairments. Articles that examined the 
use of monoclonal antibodies like aducanumab and biomarkers such as alpha-2-macroglobulin were prioritized. 
Only peer-reviewed studies and meta-analyses discussing therapeutic mechanisms and safety profiles were 
included in the synthesis. The results were analyzed to highlight trends, inconsistencies, and areas requiring 
further investigation. 
 
Criteria for Inclusion  
 
            We included studies that met the following criteria: 
 

1. Study Design: Clinical trials, meta-analyses, or observational studies focused on protein-based 
therapies. 

2. Population: Patients diagnosed with Alzheimer’s Disease (AD) of any severity, including mild cognitive 
impairment progressing to AD. 
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3. Intervention: Use of monoclonal antibodies or recombinant protein vaccines targeting amyloid-beta 
plaques or tau pathology. 

4. Comparator: Placebo or other standard treatments for AD, such as acetylcholinesterase inhibitors. 
5. Outcomes: Studies reporting on at least one of the following: 

• Cognitive improvements (e.g., MMSE or ADAS-Cog scores). 
• Functional outcomes (e.g., ADCS-ADL scores). 
• Biomarker changes (e.g., amyloid or tau levels). 
• Safety profiles or adverse events. 

6. Language: Articles published in English or Spanish. 
7. Exclusion Criteria: Studies focusing on non-protein-based therapies, animal models, or populations 

with unrelated comorbid conditions that could affect outcomes. 
 
Search Strategy 
 
  A comprehensive systematic search was conducted using three electronic databases: PubMed, Scopus, 
and Web of Science. The search strategy included combinations of controlled vocabulary terms and free-text 
keywords such as “Alzheimer’s Disease,” “monoclonal antibodies,” “recombinant protein vaccines,” and 
“amyloid-beta.” To ensure the accuracy and inclusiveness of the search: 
 

• Zotero software was employed to identify and eliminate duplicate references. 
• The search was conducted in two stages: 

1. Title and Abstract Screening: Papers were initially screened based on relevance to the inclusion 
criteria. 

2. Full-Text Review: Articles deemed relevant after the first stage were reviewed in detail. 
 
Two independent reviewers assessed each article in a blinded manner. Discrepancies were resolved through 
consultation with a third reviewer. Additionally, the bibliographic references of the included studies were 
manually screened to identify any relevant studies that might have been missed during the initial search. 
 
Data Extraction 
 

Data from the included studies were systematically extracted using Excel spreadsheets. The following 
information was captured: 

1. Baseline Characteristics: Demographics, Alzheimer’s Disease (AD) stage (e.g., mild, moderate, severe), 
and patient eligibility criteria. 

2. Study Characteristics: Study design, sample size, intervention duration, and geographic location. 
3. Outcome Measures: 

 • Cognitive improvements (e.g., MMSE or ADAS-Cog scores). 
 • Functional outcomes (e.g., ADCS-ADL scores). 
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 • Biomarker changes (e.g., amyloid-beta or tau levels). 
 • Safety data, including adverse events. 
 
 

Results 
Study Characteristics 
 

Our review included six studies conducted across various countries, encompassing clinical trials and 
observational studies evaluating the efficacy of protein-based therapies, such as monoclonal antibodies and 
recombinant vaccines, in Alzheimer’s Disease (AD). These studies involved a total of 724 participants diagnosed 
with AD at varying stages, ranging from mild cognitive impairment (MCI) to severe AD. 
 
All included studies investigated the effects of monoclonal antibodies like aducanumab or recombinant 
vaccines targeting amyloid-beta plaques and tau pathology. The population characteristics varied slightly across 
studies, with most patients in the age range of 65 to 80 years, including both male and female participants. 
Exclusion criteria were consistent, excluding patients with significant comorbidities such as advanced 
cardiovascular diseases or immunosuppression that could interfere with treatment outcomes. 
 
Of the studies, four were randomized controlled trials, and two were observational cohort studies. Outcomes of 
interest included cognitive improvements (e.g., MMSE or ADAS-Cog scores), functional changes (e.g., ADCS-
ADL), biomarker modifications (e.g., amyloid-beta reduction), and safety profiles. Follow-up durations ranged 
from three months to two years, with all studies employing standardized measures such as biomarker imaging 
and cognitive assessment tools to evaluate treatment efficacy. 
 
Table 1. Included Studies characteristics 
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Table 2. Protein Based Therapies Cognitive outcomes

 
 

Outcomes 
 

The included studies consistently demonstrated that protein-based therapies, such as monoclonal 
antibodies and recombinant vaccines, showed efficacy in addressing key outcomes in the management of 
Alzheimer’s Disease (AD). Cognitive improvements were observed across multiple studies, with MMSE scores 
increasing by an average of 1.5 to 3.2 points in patients treated with these therapies compared to minimal or no 
improvement in placebo groups. Functional outcomes, measured by ADCS-ADL scores, showed modest but 
consistent gains, particularly in patients receiving monoclonal antibody treatments, with improvements ranging 
from 3% to 5% in functional capacity. 
 
Biomarker reductions were significant, particularly in amyloid-beta plaques, where imaging studies confirmed a 
notable decrease in amyloid burden after 24 to 48 weeks of treatment. Recombinant vaccines elicited robust 
immune responses, with antibody titers increasing by 65% to 80% in treated patients, demonstrating their 
potential in modulating tau pathology. 
 
Adverse events were generally mild, with infusion reactions being the most commonly reported side effect in 
monoclonal antibody treatments. Localized inflammation was noted in some patients receiving recombinant 
vaccines, but these reactions were transient and manageable. For instance, one study reported mild systemic 
reactions in 10% of patients treated with monoclonal antibodies, compared to 3% in placebo groups. 
 
The studies also highlighted the variability in outcomes depending on the stage of AD. Patients in early or mild 
stages showed more pronounced cognitive and functional benefits, while those in advanced stages experienced 
limited gains. Additionally, monoclonal antibodies demonstrated greater efficacy in amyloid reduction, while 
recombinant vaccines showed a broader immune-modulatory effect. 
 
Overall, protein-based therapies demonstrated potential in improving cognitive, functional, and biomarker 
outcomes in AD. However, variability in patient responses and the need for personalized treatment approaches 
highlight the importance of further research to optimize these therapies for broader clinical application. 
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Discussion  
 

This systematic review highlights the efficacy of protein-based therapies, such as monoclonal antibodies 
and recombinant vaccines, in addressing key outcomes in Alzheimer’s Disease (AD). Across all included studies, 
these therapies consistently demonstrated benefits in reducing amyloid-beta plaques, improving cognitive 
function, and achieving modest functional gains. Patients receiving monoclonal antibodies showed significant 
reductions in amyloid burden, while recombinant vaccines elicited robust immune responses, suggesting their 
potential to target tau pathology effectively. These findings underscore the growing promise of these treatments 
in managing AD, particularly in early and moderate stages, where improvements were most pronounced. 
 
The mechanisms driving these benefits are linked to the unique properties of protein-based therapies. 
Monoclonal antibodies target amyloid-beta plaques directly, facilitating their clearance through microglial 
activation, while recombinant vaccines stimulate the immune system to produce antibodies against pathological 
proteins. These effects align with findings from studies included in this review, where significant biomarker 
reductions were observed after 24–48 weeks of treatment, particularly in patients treated with aducanumab. 
 
Despite these promising outcomes, variability in efficacy across studies must be acknowledged. Some patients, 
particularly those in advanced stages of AD, exhibited limited cognitive and functional improvements, 
highlighting the importance of patient selection and treatment timing. Additionally, adverse events, such as 
mild infusion reactions and localized inflammation, were more commonly reported in monoclonal antibody 
treatments. While manageable, these side effects highlight the need for careful monitoring and optimization of 
therapeutic regimens. 
 
The findings of this review also emphasize the need for further standardization in the clinical application of 
these therapies. Variations in dosage, administration protocols, and patient characteristics across studies may 
account for inconsistencies in outcomes. Moreover, while current treatments have shown efficacy in modifying 
biomarkers, their long-term impact on disease progression and quality of life remains uncertain. 
 
These findings are particularly significant given the global burden of AD and the urgent need for effective and 
accessible treatments. Protein-based therapies hold promise in addressing this need, but further research is 
essential to refine these approaches, explore combination therapies, and expand their applicability to diverse 
patient populations. Such efforts could pave the way for a more comprehensive strategy in the management of 
Alzheimer’s Disease. 
 

Limitations 
 

1. Variability in Protein Therapies: The studies included in this review utilized different protein-based 
therapies, such as monoclonal antibodies and recombinant vaccines, targeting either amyloid-beta 
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plaques or tau pathology. The lack of standardization in therapeutic agents and protocols may 
influence efficacy and limit comparability across studies. 

2. Study Design and Sample Sizes: While most studies were randomized controlled trials, some had 
small sample sizes, which may reduce the generalizability of their findings. Larger, multicenter trials are 
necessary to confirm the efficacy and safety of these treatments across diverse populations. 

3. Heterogeneity in Outcomes: There was considerable heterogeneity in the reported outcomes, 
particularly in assessing cognitive improvements and functional gains. Variability in the measurement 
tools, such as MMSE versus ADAS-Cog, made it challenging to synthesize the data consistently. 

4. Follow-Up Duration: The follow-up periods in the included studies were relatively short, ranging 
from three months to two years. This limits the ability to assess long-term outcomes, such as sustained 
cognitive benefits, functional independence, and quality of life. 

5. Geographic and Demographic Context: Many studies were conducted in specific regions or 
populations, such as high-income countries with access to advanced healthcare. The findings may not 
fully apply to low- or middle-income settings, where access to protein-based therapies might be limited. 

6. Potential Bias in Reporting: Some studies lacked transparency in their randomization methods, 
blinding processes, and reporting of adverse events, raising concerns about potential reporting bias. 
This could affect the reliability of the outcomes. 

7. Limited Patient Diversity: Many studies excluded patients with significant comorbidities, such as 
cardiovascular diseases or immunosuppression, or those in advanced stages of Alzheimer’s Disease. This 
exclusion limits the applicability of the results to broader and more diverse patient populations, 
including those with multiple health challenges. 

 

Conclusion 
 

This systematic review suggests that protein-based therapies, including monoclonal antibodies and 
recombinant vaccines, show promise in the treatment of Alzheimer’s Disease (AD). These therapies 
demonstrated significant reductions in amyloid-beta plaques, modest cognitive improvements, and functional 
gains. Monoclonal antibodies, such as aducanumab, and recombinant vaccines have shown potential in 
targeting key pathological mechanisms of AD, although variability in outcomes and adverse events remain 
challenges. The findings highlight the importance of these therapies as emerging alternatives to conventional 
treatments, particularly for early and moderate stages of AD. 
 
However, standardized protocols, extended follow-up studies, and larger, multicenter trials are needed to 
validate these results and optimize their clinical application. Further research should focus on improving patient 
selection criteria, minimizing side effects, and expanding accessibility to ensure these therapies can benefit a 
broader patient population. 
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